Duchenne muscular dystrophy is a progressive X linked disorder in which affected males almost always die before reproducing. In spite of this lethality, the condition is remarkably common affecting about one boy in 3000,1 suggesting that the mechanism producing a mutation is unusual. Another intriguing feature is that all series of patients who have been selected on account of their disease only, and not because of a known family history, show that most cases are isolated (table 1) . This observation suggests that mutation is more common in females than in males.
The present study had several aims. The first was to calculate the incidence of Duchenne muscular dystrophy within the city of Birmingham. The second was to evaluate the use of creatine kinase levels measured by local laboratories in the assessment of female carriers, and also to assess whether physical Received for publication 2 April 1980 examination or measurement of haemopexin levels were useful in carrier detection. The third aim was to use segregation ratios and carrier detection tests to determine what proportion of mothers of index patients were new mutations, and from this to calculate the a priori risk of the mother of an isolated case being a carrier. The fourth aim was to assess any effect of parental age in those cases thought to be the result of new mutations. The final aim was to assess what use had been made of genetic counselling in the past and whether a more active approach, such as through the use of a genetic register, was required for the future.
Methods
Ascertainment of the patients in the study took place over two years from January 1975 to December 1976. All paediatricians under the West Midlands Creatine kinase (CK) was measured in the two laboratories by different methods7 and the levels were compared to those for appropriately aged controls.7 Haemopexin assays were carried out using Behringwerke M-partigen plates containing haemopexin antiserum. Protein from the sample sera diffuses out from punched holes and precipitates with the antiserum. The diameter of the ring of precipitation is directly related to haemopexin concentration.
Results

INDEX PATIENTS AND SECONDARY CASES
Nine patients had died at the beginning of the study and five died during the 3 years of the study. The ages of the living patients and the ages at death of those who had died are given in table 2. The ages at which they had presented on account of muscle weakness (usually as a difficulty in walking noticed by their parents) ranged from 6 months to 6 years, with a modal onset of 1 to 2 years and a mean onset age of 2 X 4 years. However, the mean age at diagnosis was 5 7 years. Of the 41 boys who had reached the age of 8, 13 (0 31) were already chairbound, as were 23 (0 67) of the 34 who had reached the age of 10, and all of the 28 boys who had reached the age of 12. Mental retardation (usually mild) was evident in 27 (0 6) of 45 boys and was not related to the age of onset of symptoms or to the progres6 of the disease. Four index patients presented on account of severe mental retardation before muscle weakness bpcame apparent, and in two of these the diagnosis was delayed until 8 and 11 years.
In the 54 families no parent was affected and there 12(4) 1 (7) 1(3) Affected brothers (13) group.bmj.com on June 21, 2017 -Published by http://jmg.bmj.com/ Downloaded from was no instance of consanguinity. There was a total of 127 liveborn sibs, of whom 70 were full sisters, two were half sisters, 51 were full brothers, and four were half brothers. Fifty-nine sibs (31 sisters and 28 brothers) were born after the index patient and of these 44 (22 sisters and 22 brothers) were born before the diagnosis had been made. The ages of the brothers are shown in table 2. Thirteen brothers had Duchenne muscular dystrophy and they included two pairs of similarly affected monozygotic twins. Of the 42 unaffected brothers, two were premature twins who died soon after birth and two were monozygotic twins aged 2 years who were clinically healthy and had normal levels of creatine kinase. The other six reputedly unaffected boys under the age of 10 appeared healthy on examination and it is most unlikely that any will later develop signs of muscular dystrophy. If the three pairs of monozygotic twins are counted as one brother each, and the twins who died in infancy excluded, the incidence of affected brothers is 11 out of 50 (22%). The incidence of affected brothers born after the index patient but before the diagnosis was made in him (that is, before knowledge of the disorder could have affected family size) was five out of 22 (23 %).
There were 31 male relatives other than brothers who had Duchenne muscular dystrophy in these families and in all instances inheritance was consistent with X linkage. In eight families there were affected males in two generations, in three families in three generations, and in one family in four generations. Seven index patients had affected brothers but no other affected relatives and 35 index patients were isolated cases. No intrafamilial similarity with regard to severity or presence of mental retardation was evident in the four pairs of affected living brothers.
INCIDENCE OF DUCHENNE MUSCULAR
DYSTROPHY
It proved impossible to ascertain all cases in the whole of the West Midlands and so the incidence study was confined to the city of Birmingham. It was considered that the best ascertainment occurred in children of school age, since half the patients were not diagnosed until they went to school, and since all those who ultimately need special education in physically handicapped schools would be recognised. There were 16 mothers considered to be carriers because they had two affected sons (six mothers), or one affected son and a daughter with a high mean CK level (five mothers), or had high levels of CK themselves (five mothers), and in whose families there were no affected males or carrier females in an earlier generation, and the numbers of unaffected males made it unlikely that the grandmother was a carrier. Pedigree analysis showed that fewer than 1 in 8 of the grandmothers were likely to be carriers. The mean paternal age at the birth of these 16 women was 30 6 years and the mean maternal age was 28-6 years. The Registrar General's figures for the 1931 census give a mean paternal age of 32-0 years and a mean maternal age of 299 8 years.
GENETIC COUNSELLING
Of these 54 families there were only nine with no female relative in need of genetic counselling. In the remaining families there was a total of 142 female relatives who were aged under 40 and who had a risk (based on pedigree analysis) of 1 in 10 or greater of being a carrier. Of these, 66 (0-46) were aged 15 years or less. These figures show the need for genetic counselling.
However, before the study, genetic counselling had had little effect on the size of the patients' sibship. Two observations bear this out. Firstly, the 24 mothers who had raised levels of CK had similar numbers of children born after the index patient as did those 29 mothers who had normal levels of CK: 24 further children (of whom six were affected) compared to 31 further children (of whom one was affected). Secondly, the proportion of affected brothers born after the index patient, but before the diagnosis was made in him, was similar to the proportion of affected brothers in the whole study (see above).
Genetic counselling is, however, affecting the young members of these families, in particular the sisters of patients. This is indicated by the currently increasing number of requests for genetic counselling for young girls at risk and by the fact that the present study showed a greater co-operation from families in whom there were sisters: the index patients had 72 sisters compared to 55 brothers.
Seventeen women became pregnant during the study: four mothers, eight sisters, three aunts, and two cousins. Of these, eight were given a low risk of having an affected son (1 in 20 or lower); these women continued with their pregnancies. Three healthy sons and five healthy daughters have been born. Nine women were given a high risk for having an affected son (1 in 6 or worse) and were offered prenatal fetal sexing. Three had a termination of pregnancy without fetal sexing; two of the abortuses were known to be male. Five women had an amniocentesis. Three were found to be carrying females and proceeded with their pregnancies and two were carrying males, of whom one had a therapeutic abortion and the other decided to continue with the pregnancy and has since had a healthy son with a normal CK level. One woman refused both amniocentesis or abortion, as did another whose two affected sons were not included as index patients on account of maternal anxiety. The first of these women has had a boy whose CK level is over 7000 units and the second had a healthy girl.
Discussion
Ascertainment of cases for this study was considered to be independent of the presence or absence of an affected male relative. It was thought to be reasonably complete for the city of Birmingham, since an opportunity was given three years later for further ascertainment of cases. The incidence of 1 in 4000 for the city of Birmingham is similar to that found elsewhere.' 11 The incidence of Duchenne muscular dystrophy among brothers of index patients was 0-22. This observation is similar to that of other unselected studies, [2] [3] [4] [5] [6] and suggests that half the mothers of index patients are carriers. If this is so, then mutation must be commoner in females than in males, and perhaps occurs exclusively in females. This question is discussed in detail elsewhere.10
No clinical evidence for genetic heterogeneity was observed in the few families where there was more than one affected living male.
Three methods were assessed for their possible usefulness in the detection of carriers. Of these, the level of haemopexin was of no value as the results in controls and obligatory heterozygotes were essentially identical. It was considered that the assessment of large calves was too subjective to be used predictively, but that muscle weakness, when present, is a useful sign of the carrier state, but its absence is not helpful. Unlike Moser There appears to be no increased parental age effect for those subjects believed to be carrying a new mutation. This was also the conclusion of Blyth and Pugh,4 but in contrast Emery" considered that there was an increase in mother's father's age, if the mother was a new mutation. Our findings do not show this.
It was interesting that any previous genetic advice had had little effect on the size of the index patient's sibship, but that genetic counselling is being welcomed for the present generation. However, some women had not received genetic advice before becoming pregnant, which made a decision difficult for them. This was partly because of delayed diagnosis of the index patient, and a plea -has been made for the prompt diagnosis in a boy who is walking late or poorly. 19 20 In this-study five affected brothers had been born before the diagnosis had been made in the index patient. An additional reason for the delay in giving genetic advice was a failure'to search for and advise female relatives at risk. This would be a large task, as is shown by the numbers of females at risk. Of particular note are the 66 who were aged under 16 and who will need an offer of genetic counselling some years hence. In order to assist such a follow-up service,'a genetic register would be useful so that contact may be maintained with the families of patients. Such an active register is well'established in Edinburgh. 21 Probably some explanation of genetic risks should be made to girls early in their life, so that they are not surprised by them later, but these risks should be more accurately assessed when they are in their late teens. The problem of whether or not to give genetic advice on the basis of CK levels to teenage girls has been discussed by several workers. 
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